INTRODUCTION
measurements of H 2 O 2 and ROS levels ( Figure 2C ). In contrast, the fluorescence signal of 141 roGFP2 in hni9-1 plants was strong, corresponding to the elevation of H 2 O 2 and ROS levels 142 measured in this line ( Figure 2D ). Quantification of roGFP2 signals in each line validated a 143 strongly significant increase in ROS levels in the hni9-1 mutant, as compared to the WT 144 (Supplemental Figure S1 ). Altogether, these results led us to conclude that HNI9 contributes 145 to prevent ROS overaccumulation under high N supply, likely through the induction of a set 146 of genes required to detoxify ROS produced under such conditions. 147 We next sought to determine whether upregulation of NRT2.1 expression under high N 148 supply, which is a main phenotype described for the hni9-1 line, was linked with ROS 149 overaccumulation in this mutant. To this end, we investigated the expression of NRT2.1 under 150 conditions associated with altered ROS levels. First, we measured NRT2.1 transcript levels in 151 WT plants treated with ROS-generating or ROS-scavenging chemicals. We used ascorbic acid 152 (ASC) as a ROS scavenger, and menadione, a redox-active quinone that causes an elevation 153 of ROS in plant roots (Lehmann et al., 2009) , and H 2 O 2 as ROS-generating molecules. Our 154 results showed that ASC treatment caused a decrease in NRT2.1 expression while menadione 155 and H 2 O 2 treatment led to an increase in NRT2.1 transcript levels ( Figure 3A ). Next, we 156 measured NRT2.1 transcript levels in an ascorbate-deficient mutant, vtc2, which has known elevated ROS levels have been shown to alter root growth, such that plants grown under 166 conditions of elevated ROS display reduced primary root length (Dunand et al., 2007; 167 Tsukagoshi et al., 2010) . Therefore, we asked whether elevated ROS levels in the hni9-1 168 mutant line under high N provision were correlated with alterations in root growth. We used 169 the vtc2 mutant line, affected in ROS detoxification processes, as a positive control to confirm 170 that elevated ROS levels inhibit root growth under our experimental conditions. Indeed, the 171 vtc2 mutant line showed a decrease in primary root length, as compared to the WT, regardless 172 of the level of N. However, this decrease in root growth was significantly higher under high N 173 than under low N ( Figure 4 ). The hni9-1 mutant line also exhibited reduced root growth in 174 comparison to the WT (Figure 4 ), which is consistent with the general role of HNI9 in plant 175 growth and development that had been previously described (Li et al., 2010) . Moreover, the 176 decrease in root growth was also significantly higher under high N than under low N ( Figure   177 4). This also suggests that phenotypic changes due to HNI9 mutation under high N supply 178 may be explained by ROS overaccumulation. Finally, we tested whether external application 179 of an antioxidant molecule could rescue the hni9-1 root growth phenotype. We therefore 180 measured root growth of WT and hni9-1 lines under high N conditions, in the presence or 181 absence of thiamin, an antioxidant known to alleviate growth defects caused by oxidative 182 stress (Tunc-Ozdemir et al., 2009) . Indeed, we found that the primary root growth defect of 183 hni9-1 was fully abolished in the presence of thiamin ( Figure 5 ). This demonstrates that the 184 presence of antioxidants can rescue the hni9-1 root growth phenotype, further indicating that 185 HNI9 affects root development under high N supply specifically through altered ROS 186 homeostasis.
switch between transcriptional repression and activation, in cooperation with H3K27me3 193 demethylases and H3K36 methyl-transferases (Li et al., 2013; Wang et al., 2014) . Therefore, 194 we tested the hypothesis that HNI9 controls the expression of ROS detoxification genes by 195 modulating their chromatin state in response to N provision. To do so, we assayed the level of S2). Here, the results showed that the level of H3K27me3 and H3K36me3 were not changed 203 in the hni9-1 mutant at the loci of selected HNI9-dependent detoxification genes ( Figure 6 ).
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In addition, the levels of H3K9ac, associated with active transcription, were also generally 205 similar between WT and hni9-1. However, we observed that H3K4me3 levels were globally 206 lower in the hni9-1 mutant at the loci of several HNI9-dependent ROS detoxification genes 207 ( Figure 6 ). We therefore conclude that HNI9 may induce the expression of ROS 208 detoxification genes by regulating the profile of H3K4me3.
209

Analysis of HNI9-dependent Genes Involved in ROS Detoxification Under High N 210
Conditions Reveals the Role of HY5 in the Control of ROS Homeostasis
211
HNI9 is a general regulator of gene expression, as it does not provide by itself any sequence 212 specificity to its target loci. Specificity of response thus requires the action of transcription 213 factors to drive chromatin remodeling complexes to target loci (Li et al., 2010) . Therefore, we tested whether a promoter sequence analysis of genes involved in ROS detoxification under 215 high N could help identify such transcription factors. We used the promoter sequences from 216 the 108 genes induced by high N and dependent on HNI9 in order to find putative conserved 217 cis regulatory elements (CREs) using MEME software. This analysis revealed substantial Tables S2 and S3 ). Interestingly, it was shown previously that HY5 is involved 222 in the control of ROS production in response to light or temperature treatments (Catala et al., 223 2011; Chen et al., 2013; Chai et al., 2015) . We first analyzed HY5 transcript levels in response 224 to N provision, and observed that HY5 expression was slightly higher under high N condition, 225 but independent of HNI9 function (Supplemental Figure S3) . To explore the possible role of 226 HY5 in the regulation of genes involved in ROS detoxification under high N condition, we 227 investigated the binding of HY5 to the putative consensus sequences identified in some of the 228 ROS detoxification genes. To this end, we performed chromatin immunoprecipitation 229 followed by quantitative PCR on a subset of genes with or without putative HY5 binding 230 sites. The results showed that HY5 indeed binds to the promoter of detoxification genes 231 containing a putative HY5 binding site, whereas no significant binding was observed for 232 genes lacking a putative HY5 binding site, although some are also involved in detoxification 233 processes under high N provision ( Figure 7C ). In order to test the effect of HY5 mutation, we 234 next measured the expression of the identified genes (with or without HY5 binding sites) in 235 WT and the hy5-215 mutant line. All genes, with one exception, were significantly down-236 regulated in the hy5-215 mutant line under high N provision ( Figure 7D ), strongly supporting 237 a major role of HY5 in the activation of the detoxification program under high N provision.
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Finally, to test the effect of misregulation of the detoxification program under high N following HY5 mutation, we measured the levels of ROS and H 2 O 2 in WT and the hy5-215 240 mutant. The results clearly showed that ROS and H 2 O 2 levels were higher in hy5-215 than in 241 WT, demonstrating the functional importance of HY5 in the detoxification process under high 242 N provision (Figure 8 ). Altogether, our results demonstrate the activation of a transcriptional 243 program required for ROS detoxification under high N, which is controlled by the chromatin 244 remodeler HNI9 and the transcription factor HY5. , 2015) . In each case, HY5 is required to suppress ROS accumulation during 298 stressful conditions. However, the set of genes induced by HY5 to balance ROS levels seems 299 to differ from one stimulus to another. This suggests that other transcription factors, in 300 addition to HY5, could specify the response according to the environmental signal.
301
Interestingly, we found that the expression of every gene of the ROS detoxification network 302 in response to high N that we tested was dependent on HY5, independent of the presence of a 303 HY5 binding site in their promoter. This suggests that HY5 could be a direct (and general) 304 regulator of many ROS detoxification genes, but that it may also function as an indirect 305 regulator for a subset of them, for instance by regulating another transcription factor that, in 306 turn, regulates these genes. This would imply the existence of several layers in this gene 307 network, and that HY5 is a master regulator at the top of the network.
308
In conclusion, we demonstrated how a detoxification program is induced in order to maintain 309 plant redox status under physiological conditions even under high nutritional provision. 
